Leber's hereditary optic neuropathy is a rare condition characterized by rapid loss of central vision presenting as acute optic neuritis. Both eyes are involved, with or without an interval, and visual prognosis is usually poor owing to secondary optic atrophy. The disease generally affects healthy young adults, though mild neurological symptoms and signs are occasionally present. The mode of inheritance long remained a puzzle, but detailed pedigree analyses in recent decades have suggested a nonMendelian cytoplasmic form of inheritance. The aetiology is still uncertain, but abnormal phenotypic expression of the gene is thought to require an interaction with yet undefined extrinsic or environmental factors.
Recent evidence for maternal transmission of a human mitochondrial genome prompted us to study muscle biopsy specimens obtained from patients with Leber's hereditary optic neuropathy with reference to the morphology and biochemistry of muscle mitochondria. This paper reports preliminary results indicating mitochondrial changes associated with mild myopathic processes.
Materials and methods
Two patients with Leber's hereditary optic neuroCorrcspondence to Dr Akinori Ucmura, Dcpartmcnt of Ophthalmology, Kagoshima Univcrsity Faculty of Medicine. Usuki-cho 1208-1, Kagoshima (Figs. 1A, B) . The intracellular glycogen content demonstrable with the PAS stain was normal. In addition in case 1 there was a moderate increase in the intracellular lipids demonstrable with the oil red 0. In case 2 there was a mild increase in the acid phosphatase reaction.
MUSCLE ELECTRON MICROSCOPY
Electron microscopic examination of the muscle biopsies showed mild myopathic changes in the two cases. In case 1 the central area of some muscle cells was involved by disruption of myofilaments, with Z band streaming, resembling central core disease. A few muscle fibres had nemaline rods which showed the characteristic periodicities arranged in a rectangular lattice. The sarcoplasm of occasional fibres contained cytoplasmic bodies consisting of unusual deposits characterized by a central dark region containing Z band material and a peripheral zone made up of thin filaments extending outwards in a ray-like fashion (Fig. 2) . Large numbers of enlarged mitochondria were clustered beneath the sarcolemma of some fibres (Fig. 3) . Similar myopathic changes were observed in case 2, with noticeable subsarcolemmal collections of enlarged mitochondria and focal disruptions of myofilaments. In addition a few fibres had tubular aggregates beneath the sarcolemma (Fig. 4) normal level of cytochrome c oxidase. In case 2 all these enzymes were within the normal range. The contents of mitochondrial cytochromes calculated from reduced-minus oxidised spectra are illustrated in Table 2 . It can be seen that both cases had a normal concentration of mitochondrial cytochromes.
Discussion
The clinical picture in these cases, together with the familial occurrence of the disease, is in all respects consistent with Leber's hereditary optic neuropathy. The morphological studies of muscle biopsy specimens showed mild but distinct myopathic changes in the two cases examined, in that some of the fibres had noticeably abnormal reactions to a battery of histochemical stains-in particular the modified trichrome and NADH-TR-and also ultrastructural changes including nemaline rods, cytoplasmic bodies, and subsarcolemmal collections of enlarged mitochondria. These histochemical and electron microscopic abnormalities are found in case of congenital or acquired myopathies of various causes but not in normal persons. 9 A variety of neurological and psychiatric symptoms and signs, including spasticity, gait disturbance, abnormal tendon reflexes, and hearing loss, are known to occur in association with Leber's optic neuropathy. Post-mortem studies also reveal widespread involvement of the central nervous system. These systemic disorders are usually so mild that they remain asymptomatic or unrecognised unless looked for specifically, though overt manifestations resembling arachnoiditis or multiple sclerosis may occur in occasional patients.`A The present observations indicate involvement of the skeletal muscle as part of the disease, characterized by mild myopathic processes that are evident histologically but not clinically. This previously unreported findings favours the view that Leber's optic neuropathy is not confined to the optic nerve but represents a multisystem disease." The condition might be termed optico-encephalomyopathy.
The most notable feature of Leber's optic neuropathy is its unique hereditary pattern. There is now a fair amount of evidence suggesting that inheritance follows not Mendelian law but a pattern compatible with mitochondrial transmission. There are no recorded cases of paternal transmission, and the majority of daughters-virtually all daughters in thoroughly studied families-of patients and carriers become carriers. These phenomena are reasonably explained by maternal transmission. "'2 Furthermore, there is recent evidence for maternal transmission of the human mitochondrial genome, and many subunits of respiratory-chain enzyme complexes have been shown to be encoded by mitochondrial DNA. It is therefore possible to develop a working hypothesis that several diseases with non-Mendelian maternal transmission pattern result from inheritance of an abnormal mitochondrial genome. '3 Two points in the present observations warrant discussion in line with the above hypothesis. First, type I fibres showed red staining material reacting to the modified trichrome stain in the subsarcolemmal regions, and the stained areas appeared to contain clusters of abnormally enlarged mitochondria at the electron microscopic level. These pathological features, together with the focal increase of oxidative enzyme activity revealed by the NADH-TR stain, are comparable to the ragged red fibres which have been known to occur in mitochondrial myopathy or mitochondrial cytopathy, a diverse group of muscle and/ or nerve diseases characterised by structurally or numerically abnormal mitochondria and/or abnormally functioning mitochondria.'5 t" Furthermore, the enlarged mitochondria in the subsarcolemmal regions may conform to the recent report that subsarcolemmal mitochondrial profiles are significantly larger in cases of Leber's optic neuropathy than in control cases.' It seems that myopathic changes characterized by the ragged red fibres are considerably less prominent in Leber's hereditary optic neuropathy than in typical mitochondrial cytopathy. Secondly, as regards the functional aspects of muscle mitochondria in Leber's optic neuropathy, no deficiency of cytochromes or respiratory-chain enzyme complexes was detectable in the two cases examined. Rather, case 1 showed two-to threefold enhancement of the mito- 
